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(57) Abstract 

A method and apparatus (100) for optically assaying a targeted substance in a sample using a sensor (50) comprising a 
dielectric film stack having a plurality of dielectric layers. For at least one angle of incidence the dielectric layers (52, 54. 
58) operate as a waveguide for light incident upon the sensor. In one configuration, each dielectric layer comprises a dielectric 
material selected from a first dielectric material having a first index of refraction and a second dielectric material having a 
second index of refraction. The dielectric film stack is formed such that the dielectric material of the dielectric layers 
alternates between the first dielectric material and the second dielectric material. The dielectric film stack is either formed 
as a dielectric mirror such that light incident upon the sensor reflects from the sensors or as an a nti- reflection film stack* 
such that light incident upon the light beam propagates through the sensor. The inventive sensor exhibits a resonance that is?' 
comparable in magnitude with resonances commonly exhibited by conventional SPR sensors. However, unlike grating-based SPR 
sensors, the inventive sensor allows a sample (21) to be assayed with substrate-incident light such that the incident light need 
not propagate through the sample. In addition, because the sensor does not rely on the use of conductive metals, the sensor 
enables sharp resonances at short wavelenghts than conventional SPR sensors. 

(57) Abrege 

Linvention concerne un precede et un dispositif (100) qui permettent d'analyser optiquement une substance contenue dans un 
echantillon au moyen d'un capteur (50) comprenant un empilement de couches dielectriques (52, 54, 58) constitue d'une pluralite 
de couches dielectriques. Pour au moins un angle d'incidence, les couches dielectriques tiennent lieu de guide d'onde pour la 
lumiere tombant sur le capteur. Dans Tune des configurations, chaque couche dielectrique comprend un materiau dielectrique 
choisi entre un premier materiau dielectrique ayant un premier indice de refraction et un second materiau dielectrique ayant un 
second indice de refraction. Uempilement de couches dielectriques est tel que les couches dielectriques sont constitutes 
alternativement du premier materiau dielectrique et du second materiau dielectrique. Uempilement se presente soit sous forme de 
miroir dielectrique, de facon que la lumiere tombant sur le capteur soit reflechie par celui-ci, soit comme un empilement anti- 
reflechissant. de facon que la lumiere tombant sur le capteur se propage a travers lui. Le capteur de I'invention possede une 
amplitude de resonance comparable aux resonances habituelles des capteurs a resonance plasmonique de surface (SPR) 
classiques. Cependant, a la difference des capteurs SPR a base de reseau de diffraction, il permet d'analyser un echantillon (21) 
avec une lumiere qui tombe sur le substrat-sans etre obligee de se propager a travers I'echantillon. En outre, du fait qu'il ne 
fait pas appel a des metaux conducteurs, il permet des resonances pointues a des longueurs d'onde plus courtes que les capteurs 
SPR classiques. 
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(57) Abstract 

A method and apparatus (100) for optically 
assaying a targeted substance in a sample using a 
sensor (50) comprising a dielectric film stack having 
a pluralitv of dielectric layers. For at least one angle 
of incidence the dielectric layers (52. 54, 58) operate 
as a waveguide for light incident upon the sensor. 
In or.e configuration, each dielectric layer comprises 
a dielectric material selected from a first dielectric 
material having a firs: index of refraction and a 
second dielectric material having a second index cf 
refraction. The dielectric film stack is formed such 
that the dielectric material of the dielectric layers 
alternates between the rust dielectric material and 
me second dielectric material. The dielectric film 
stack is either formed as a dielectric mirror such 
that light incident upon the sensor reflects from 
the sensors or as an anti-reflection f.lm stack such 
that light incident upon the light beam propagates 
through the sensor. The inventive sensor exhibits 
t resonance that is comparable in magnitude with 
resonances commonly exhibited by conventional 
S?R sensors. However, unlike gratir.g-based SPR 
sensors, the inventive sensor allows a sample (21) 
:o be assayed with substrate-incident light such that 
the incident light need not propagate through the 
sample. In addition, because the sensor does not 
rely on the use of conductive metals, the sensor 
enables sharp resonances at short uavelenghts than \22 
conventional SPR sensors. 
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WO 00*3793 PCT/USWMW 
OPTICAL SENSOR HAVING DIELECTRIC FILM STACK 



Field of the Invention 

10 Th j s invention relates generally to the field of optical assaying, and more 

5 particularly to an optical sensor having a dielectric film stack. 
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ttarkflrminri of the Invention 

Extremely sensitive optical sensors have been constructed by exploiting an 
effect known as surface plasmon resonance (SPR). These sensors are capable of 
10 detecting the presence of a wide variety of materials in concentrations as low as 
20 picomoles per liter. SPR sensors have been constructed to detect many 

biomolecules including keyhole limpet hemocyanin, a-fetoprotein, IgE, IgG, 
bovine and human serum aibumin, glucose, urea, avidin, lectin. DMA, RNA. HIV 
antibodies, human transferrin, and chymotryps'mogen. Additionally, SPR sensors 
have been built which detect chemicals such as polyazulene and nitrobenzenes 
and various gases such as halothane, trichloroethane and carbon tetrachloride. 

An SPR sensor is constructed by sensitizing a surface of a substrate to a 
specific substance. Typically, the surface of the substrate is coated with a thin 
fdm of metal such as silver, gold or aluminum. Next, a monomolecular layer of 
20 sensitizing material, such as complementary, antigens, is covalently bonded to the 
35 surface of the thin film In this manner, the thin film is capable of interacting with 

a predetermined chemical biochemical or biological substance. When an SPR 
sensor is exposed to a sample that includes a targeted substance, the substance 
attaches to the sensitizing material and changes the effective index of refraction at 
25 the surface of the sensor. Detection of the targeted substance is accomplished by 
observing the optical properties of the surface of the SPR sensor. 

There are two common constructions of an SPR sensor. Figure 1 
45 illustrates a prism-based SPR sensor 1 0 that is the most common form of SPR 

sensors. Sensor 10 includes a disposable slide 20 that is placed on a fixed glass 
prism 12. Slide 20 is coated with a metal film 16 and sensitizing material 22 is 
capable of interacting with target substance IS in sample 21. Before placing slide 
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20 on prism 12, an operator coats prism 12 with an anii-refleciion coating 14, 
often a fluid, in order to prevent light beam 24 from reflecting before reaching 
metal-film layer 16. 

Light source 28 generates light beam 24 that is incident upon sensor 10. 
Sensor 10 reflects light beam 24 as light beam 26 received by detector 30. At a 
specific angle of incidence of light beam 24, known as the resonance angle, a very 
efficient energy transfer and excitation of the surface plasmon occurs in metal film 
16. As a result, reflected light 26 exhibits an anomaly, such as a sharp 
attenuation, and the resonance angle of sensor 10 can be readily detected. When 
targeted substance 18 attaches to sensitizing material 22, a shin in the resonance 
angle occurs due to the change in the refractive index at the surface of sensor 10. 
A quantitative measure of the concentration of targeted substance 18 can be 
calculated according to the magnitude of shift in the resonance angle. 
25 A second common form of an SPR sensor, known as grating-based SPR 

sensor, involves the use of a metal diffraction grating instead of glass prism. 
Figure 2 illustrates a grating-based SPR sensor 40 in which substrate 45 is formed 
to have sinusoidal grooves. In grating-based SPR sensors, the period of the 
groove profile of substrate 45 typically ranges from 0.4 urn to 2.0 urn. Thin 
metal film 42 is formed outwardly from the surface of substrate 45 and comprises 
20 any suitable metal such as aluminum, gold or silver. In one embodiment, layer 42 
35 comprises silver having a thickness of approximately 1 00 nm. 

Sensitizing layer 44 is formed outwardly from metal film 42. Sensitizing 
layer 44 is selected to interact with a predetermined chemical, biochemical or 
biological substance IS contained in sample 21. In one embodiment, sensitizing 
25 layer 44 comprises a layer of antigens capable of trapping a complementary 
antibody. Recently, several techniques have been developed for attaching 
antigens as a receptive material to film 42 such as spin coaung with a porous 
^ silica sol-gel or a hydrogel matrix. Preferably, sensitizing layer 44 is less than 100 

nm thick. 

30 In Figure 2, light source 28 produces light beam 24 incident upon sensor 

40 such that detector 30 receives reflected light beam 26. For grating-based SPR 
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sensors, resonance occurs, and reflected light beam 26 exhibits an anomaly, when 
a polarization component of light beam 24 is perpendicular to the groove 
direction of the surface of substrate 45 and the angle of incidence of light beam 
24 is appropriate for energy transfer and excitation of the surface plasmon in thin 
5 metal film 42. 

Grating-based SPR sensors have several distinct advantages over prism- 
based SPR sensors. For example, the resonance angles of grating-based SPR 
sensors may be finely tuned by adjusting the groove profile. In addition, grating- 
based SPR sensors do not require the use of an anti-reflection coating. Grating- 
10 based SPR sensors, however, suffer from the fact that the light must propagate 
through the sample as opposed to prism-based sensors in which the incident light 
propagates through the prism and strikes the metal film opposite from the sample. 
Propagation through the sample is disadvantageous because the sample tends to 
absorb or scatter the incident light. For these reasons, grating-based SPR sensors 
15 are ill suited for assaying liquids, such as blood, and are primarily used in gas 

sensing applications. Furthermore, both of the above-described SPR sensors rely- 
on a highly conducting metallic film to support the surface plasmon resonance. 
This metal film, however, limits the wavelength of the resonance to the red or 
infrared region of the light spectrum because at shorter wavelengths the 
20 conductivity of even the best metals is not sufficient to generate sharp resonances, 
thereby resulting in lower sensitivity. 

For the reasons stated above, and for other reasons stated below which 
will become apparent to those skilled in the art upon understanding the present 
invention, there is a need in the art for an optical sensor having the benefits of 
25 grating-based SPR sensor that does not require that the incident light propagate 
through the sample. 

Summnrv of the Invention 
Described herein is a method and apparatus for optically assaying a 
30 targeted substance in a sample using an inventive sensor that overcomes the 

above-described deficiencies of conventional grating-based and prism-based SPR 
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sensors. The sensor exhibits a sharp resonance that is comparable in magnitude 
with resonances commonly exhibited by conventional SPR sensors. However, 
unlike grating-based SPR sensors, a sample may be assayed by reflectance from 
10 the substrate side without propagating light through the sample. In addition, the 

5 sensor allows a sample to be assayed with transmitted light. One advantage of 
assaying with transmitted light is the ability to use a diffused light source. 
Because the sensor does not relv on the use of conductive metals, the sensor 

15 

enables sharp resonances at shorter wavelengths than conventional SPR sensors. 
According to one aspect, the invention is a sensor comprising a dielectric 
10 film stack having a plurality of dielectric layers. The dielectric layers operate as a 
20 waveguide such that a portion of the incident light propagates within the 

dielectric film stack for at least one angle of incidence. In one embodiment, the 
dielectric layers are formed with a dielectric material selected from either a first 
dielectric materia! having a first index of refraction or a second dielectric material 
15 having a second index of refraction In one configuration, the dielectric film stack 
is formed such that the dielectric material of the dielectric layers alternates 
between the first dielectric material and the second dielectric material. The 
30 dielectric film stack may be formed as a dielectric mirror, such that light incident 

upon the sensor substantially reflects from the sensor, or as an anti-reflection film 
20 stack such that incident light is transmitted through the sensor with substantially 
35 no reflection. 

According to another aspect, the invention is a sensing system including a 
sensor having a stack of dielectric layers. A light source exposes the sensor with 
a light beam. The dielectric layers of the sensor operate as a waveguide such that 
25 a portion of the incident light propagates within the dielectric film stack for at 
least one angle of incidence. A detector receives light from the sensor and 
produces an output signal representative of an intensity of the received light. A 
45 controller is coupled to the detector and calculates a measure of the substance in 

the sample as a function of the output signal. In one embodiment a diffuser 
.10 diffuses the incident light beam from the light source and a lens focuses the light 
transmitted through the sensor onto a corresponding element of the detector 
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array according to a transmission angle. 

According to yet another aspect, the invention is a method for assaying a 

targeted substance in a sample. A sensor is interacted with the sample having a 

10 targeted substance. The sensor comprises a dielectric film stack having a plurality 

5 of dielectric layers that operate as a waveguide for incident light. A measure of 

the targeted substance in the sample is determined as a function of a shift in a 

detected optical anomaly exhibited by light received from the sensor. In one 

embodiment, the measure is determined by detecting an optical anomaly in light 

reflected by the sensor. In another embodiment, the measure includes detecting 

10 an optical anomaly in light transmitted through the sensor. 

20 These and other features and advantages of the invention will become 

apparent from the following description of the preferred embodiments of the 

invention. 

25 

15 Brief Description of the Drawings 

Figure 1 is a schematic side view of a sensing system having a prism- 
based surface plasmon resonance sensor; 
20 Figure 2 is a schematic side view of a sensing system having a grating- 

based surface plasmon resonance sensor; 
20 Figure 3 is a cross-sectional view of one embodiment of an optical sensor 

having a dielectric film stack in accordance with the present invention; and 

Figure 4 is a schematic side view of one embodiment of a sensing system 
for assaying a substance in a sample by exposing a sensor having a dielectric film 
stack and detecting a shift in one or more resonance angles. 
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Detailed Description 

In the following detailed description, references are made to the 
accompanying drawings that illustrate specific embodiments in which the 
invention may be practiced. Electrical, mechanical and structural changes may be 
30 made to the embodiments without departing from the spirit and scope of the 
present invention. The following detailed description is, therefore, not to be 
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taken in a limiting sense and the scope of the present invention is defined by the 
appended claims and their equivalents 

Figure 3 is a cross-sectionai profile of an optical sensor 50 formed in 
10 accordance to the present invention. It is observed that an optical sensor may be 

5 constructed which exhibits resonance angles comparable to conventional SPR 
sensors but which overcomes many of the above-described disadvantages. More 
specifically, the inventive sensor 50 uses a dielectric fiim stack instead of a thin 
metal film. Sensor 50 includes substrate 51 having surface 53 formed with 
sinusoidal grooves. The period of the groove profile of surface 53 may range 
10 from less than 0.4 um to over 2.0 urn. Other groove profiles, such as 
20 trapezoidal, square, etc., are also well suited for the invention. 

Formed outwardly from surface 53 of substrate 51 is a plurality of 
transparent dielectric layers 52 that collectively form a dielectric film stack on 
surface 53 of substrate 5 1 . Although illustrated as such, dielectric layers 52 need 
15 not conform to the surface profile of substrate 51 . As described in detail below, 
sensor 50 exhibits sharp resonances that are comparable in magnitude with 
resonances commonly seen in SPR sensors. In one embodiment, dielectric layers 
30 52 of the dielectric film stack are configured to operate as a dielectric mirror that 

reflects substantially all of light beam 62 at non-resonance angles. More 
20 specifically, each dielectric layer 52 of the dielectric film stack reflects a portion 
of light beam 62 as light beam 66 This embodiment is advantageous because, 

35 

unlike grating-based SPR sensors, sample 21 may be assayed using substrate- 
incident light beam 62 such that the light beam 62 need not propagate through 
sample 21. In another embodiment, sensor 50 is not constructed as a dielectric 

40 25 mirror but as an anti- reflection film stack. In this configuration, at non-resonance 

angles light beam 62 transmits through sensor 50 with substantially no diffusion 
or reflection and emerges as light beam 64. In this manner, the dielectric film 

45 stack of sensor 50 operates exactly opposite when it is formed as an anti- 

reflection dielectric film stack than when it is formed as a dielectric mirror. 
30 Configuration of the dielectric film stack for operation as either a dielectric mirror 
or as an anti-reflection film stack is discussed in detail below. 
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Regardless of whether the dielectric film stack is configured to operate as 
a dielectric mirror or an anti-reflection film stack, at the resonance angles the 
dielectric film stack operates as a waveguide such that reflected light beam 66 and 
10 transmitted light beam 64 exhibit sharp anomalies. At the resonance angles 

5 energy is transferred from light beam 62 to dielectric layers 52 of the dielectric 
film stack such that dielectric layers 52 collectively act as a waveguide. When 
dielectric layers 52 collectively operate as a waveguide a finite portion of incident 
light beam 62 propagates within the dielectric film stack. If the dielectric film 
stack is constructed as a dielectric mirror, the remaining light not propagating 
10 within the dielectric film stack transmits through sensor 50 and emerges as light 
20 beam 64. thereby causing a sharp attenuation in reflected light 66 and a sharp 

increase in transmitted light 64. If, however, the dielectric film stack is 
constructed as an anti-reflection film stack, the remaining light is reflected as light 
^ beam 66, thereby causing a sharp attenuation in transmitted light 64 and a sharp 

15 increase in reflected light 66. 

Sensitizing layer 58 is formed outwardly from outermost dielectric layer 
52 and is selected to interact with a predetermined chemical, biochemical or 
30 biological substance 18 contained in sample 21. When targeted substance 1 8 

attaches to sensitizing layer 5S, a shift in the resonance angles occurs due to the 
20 change in the refractive index of sensor 50. A quantitative measure of the 
concentration of targeted substance 18 can be calculated according to the 

35 

magnitude of shift in the resonance angle by monitoring either reflected light 66 
or transmitted light 64. Thus, one advantage of sensor 50 over conventional SPR 
sensors is that sensor 50 can be used in reflection-based sensing systems or 

40 . 25 transmission-based sensing systems. 

In one embodiment the dielectric film stack is configured to operate as a 
dielectric mirror by forming each dielectric layer with a dielectric material 

, c selected from a first dielectric material and a second dielectric material. The first 

dielectric material has a first index of refraction while the second dielectric 
30 material has a second index of refraction. In one particularly advantageous 
configuration, the stack of dielectric layers is formed such that the dielectric 
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material of the dielectric layers alternates between the first dielectric material and 
the second dielectric material. For example, in one embodiment, dielectric 
materials of dielectric layers 52 are selected such that dielectric layers 52; and 52? 
have a high index of refraction while dielectric layer 52 2 has a low index of 

5 refraction. This configuration is advantageous hecause the magnitude of the 
anomalies exhibited by light beams 64 and 66 are substantial and more readily 
detectable, thereby increasing the sensitivity of sensor 50. 

As light beam 62 penetrates the dielectric film stack of sensor 50, a 
portion of light beam 62 is reflected at each dielectric layer 52. More specifically, 

10 as light beam 62 penetrates a given dielectric layer 52, a portion of the light is 
reflected at the surface of the next dielectric layer 52. As such, when light beam 
62 is incident normal to the dielectric film stack, the total distance traveled within 
any given dielectric layer is approximately twice the thickness, /. of the dielectric 
layer, i.e., 2A In order to form the dielectric film stack as a dielectric mirror such 

15 that light beam 62 is substantially reflected from sensor 50 as light beam 66, each 
dielectric layer 52 is formed with an approximate thickness / defined by the 
following equation: 

,i m * k 
4)t 2n 

where a is the wavelength of light beam 62, n is the index of refraction of the 
20 dielectric layer being formed and m is any positive integer. For other angles of 

incidence, this equation is easily modified. 

When each dielectric layer is formed according to the above equation, and 

m equals zero, the total distance traveled within a given dielectric layer is >J2n. 

This corresponds to a total' "optical" distance traveled within each dielectric layer 
25 of one half of the wavelength of the light, a/2, which corresponds to a retardation 

of ISO 3 . 

At the reflecting surface there is an additional 180° of retardation if the 
penetrated dielectric layer has a high index of refraction, w, and the next dielectric 
layer has a low index. Therefore, for each of these high index/low index 
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interfaces, reflected light beam 66 undergoes a total retardation of 360 c and 
returns to the surface of the penetrated dielectric layer 52 in phase with the 
portion of light beam 66 reflected from that surface. When the dielectric film 
10 stack is formed according to the above equation and dielectric layers 52 alternate 

5 between a high index and a low index, all the internally reflected light beam 66 
are in phase, thereby causing constructive interference that results in substantial 
reflectivity. For example, according to this configuration, sensor 50 can be 
constructed to reflect at least 50% ; or even at least 90%, of light beam 62. The 
dielectric film stack acts as a dielectric mirror when the dielectric layers are 
10 formed according to the above equation for any positive integer »i. As rn 
20 increases, the thickness t increases by a/2 such that the total "optical" distance 

traveled within a dielectric layer increases by one full wavelength a., thereby- 
resulting in interference and substantia! reflectivity of light beam 62. 

In one embodiment, the dielectric material used for one set of the 

25 

15 alternating dielectric layers, such as dielectric layers 52, and 52?, is selected to 
have the highest index of retraction of any dielectric material that can be formed 
on sensor 50. For example, titanium dioxide, Ti0 2> is a suitable dielectric 

30 i material because it has an index of refraction equaling approximately 2.5. The 

dielectric material used for the other dielectric layers, such as dielectric layers 522, 
20 is selected to have the lowest index of refraction of any dielectric material that 

35 can be formed on sensor 50. For example, silicon dioxide, SiOi, is a suitable ■"" 

dielectric material because it has an index of refraction equaling approximately 
1.5. Selecting the dielectric materials for dielectric layers 52 as such provides a 
dielectric mirror having high reflectivity, often approaching 90%, for most angles 

40 

25 yet exhibiting sharp attenuation at the resonance angles, often approaching 0% 
reflected light. Furthermore, a suitable dielectric material for dielectric layer S2 2 
may have a corresponding index of refraction approaching 1.8. Similarly, a 
^5 suitable dielectric material for dielectric layers 52 1 and 52? may have a 

corresponding index of refraction of at least 2 .2. In addition, the magnitude of 

30 the exhibited anomaly increases as the number of dielectric layers increases; 
however, the magnitude of the angular shift tends to decrease. Therefore a 
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balance between these two characteristics must be determined. AJthough other 
numbers of layers are acceptable, experiments suggest that five to fifteen 
dielectric layers provide good results with eleven layers working particularly well. 
In order for the dielectric film stack of sensor 50 to operate as a dielectric 

5 mirror it is not necessary that the dielectric film stack be formed from two 

alternating dielectric layers. A dielectric layer mirror can also be constructed with 
dielectric layers having several different indices of refraction. In this case it is 
important that the thickness of each layer be described by the previous equation. 
In addition, each layer must be bounded by other layers that both have either a 

10 higher refractive index or a lower refractive index. For example, the dielectric 
film stack may be formed from three dielectric materials with indices ni, nj. ns 
where ni<n2<n3. A suitable dielectric film stack formed from these materials 
could be constructed by following the sequence of dielectric indexes: 
rtajn^n^n^rij.nijnj.n^n:.. ^ 

15 As described above, the dielectric film stack of sensor 50 can be 

constructed to operate as an anti-reflection dielectric film stack. AJthough there 
is no general equation that can be uiven for designing ami -reflection film stacks, 
an iterative approach using computer modeling may be used. Following this 
approach, one example of an antireflecting dielectric film stack is TiO:, SiO: and 

20 Ti02 deposited on a glass substrate for which the index of refraction of the Ti02 
layers is 2.5 and the index of refraction of the Si0 2 layer and the glass substrate is 
1.5. In this configuration, the thickness of the TiO? layer against the substrate is 
102 nnv the thickness of the Si0 2 layer is 120 nm : and the thickness of the outer 
TiO: layer is 1 14 nm. The reflected light intensity for light incident 

25 perpendicularly to the substrate at a wavelength of 635 nm is essentially zero. 

Figure 4 illustrates one embodiment of a sensing system 100 incorporating 
the improved optical sensor 50 described above. Sensing system 100 includes a 
monochromatic light source 102, such as a laser, that produces light beam 24 
incident upon diffuser 105. Other light sources are suitable including a 

30 monochromatic light bulb such as a mercury lamp, a filtered light emitting diode, 
a white light source coupled with a filter etc. Diffuser 105 diffuses light beam 24 
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such that light 1 10 is incident upon sensor 50 at a variety of angles. In one 
embodiment, the sample includes material for diffusing the light beam incident 
upon the sensor such that a separate difruser is not needed. Depending upon the 
10 angle of incidence and corresponding resonance angles of sensor 50, light 1 10 is 

5 transmitted through sample 2\, sensor 50 and illuminates polarizer 1 14 that 
transmits polarized light beam 117 having a electric vector parallel or 
perpendicular to the grooves of the surface of sensor 50. 

Lens 1 1 5 focuses polarized light 1 1 ? to a corresponding point along 
detector array 120. In other words, polarized light 1 1 7 enters lens 1 15 at a 
10 variety of angles and is focused along detector array 120 according to the angle. 
20 Detector array 120 outputs a signal that indicates corresponding intensities of the 

light focused along detector array 120. Based on the signal, controller 122 
determines one or more resonance angles and calculates a measure of the targeted 
substance in the sample. This configuration is particularly advantageous in the 

25 

15 sense that no moving parts are required. In one embodiment, controller 122 

sounds an alarm when the calculated measure of targeted substance 18 exceeds a 
predetermined threshold. After sensing is complete, sensor 50 may be disposed 
30 or may be washed and reused. 

Several embodiments of an optical assaying method and apparatus have 
20 been described. In one aspect, the present invention is an optical sensor having 
dielectric film slack that includes a plurality of dielectric layers. Each dielectric 

35 

layer comprises a dielectric material selected from a first dielectric material having 
a first index of refraction and a second dielectric material having a second index 
of refraction. In one embodiment, the dielectric film stack is formed such that the 
^° 25 dielectric material of the dielectric layers alternates between the first dielectric 

material and the second dielectric material. The dielectric film stack is either 
formed as a dielectric mirror such that light incident upon the sensor reflects from 
the sensor or as an anti-reflection film stack such that light incident upon the light 
beam propagates through the sensor. 
30 The inventive sensor is easily manufactured such that the resonance angles 

can easily be tuned yet overcomes the limitations of grating-based SPR sensors. 
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More specifically, the inventive sensor uses a dielectric film stack instead of a thin 
metal film. The inventive sensor exhibits a resonance that is comparable in 
magnitude with resonances commonly exhibited by conventional SPR sensors. 
However, unlike grating -based SPR sensors, a sample may be assayed by 

5 reflectance from the substrate side without propagating light through the sample. 
In addition, the sensor allows a sample to be assayed with transmitted light. One 
advantage of assaying with transmitted light is the ability to use a diffused light 
source. In addition, because the sensor does not rely on the use of conductive 
metals, the sensor enables sharp resonances at shorter wavelengths than 

10 conventional SPR sensors. 
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We claim: 

1 . A sensor for optically assaying a substance in a sample, wherein the 
sensor comprises a dielectric film stack having a plurality of dielectric 
layers, and further wherein for at least one angle of incidence the 
dielectric layers operate as a waveguide for light incident upon the sensor. 

2. A sensing system, comprising: 

a light source generating light; 

a sensor comprising a stack of dielectric layers, wherein the sensor 
receives the light and for at least one angle of incidence the dielectric film 
stack operates as a waveguide such that a portion of the light propagates 
within the dielectric layers; 

a detector receiving light from the sensor and producing an output 
signal as a function of an intensity of the light; and 

a controller coupled to the detector for calculating a measure of 
the substance in the sample as a function of the output signal. 

3. The article of claim 1 , wherein the dielectric film stack is formed 
outwardly from a substrate having a grooved surface. 

4. The article of claims 1 or 2, wherein at least two of the dielectric layers 
comprise a dielectric material selected from a first dielectric material and a 
second dielectric material, wherein the first dielectric material has a first 
index of refraction and the second dielectric material has a second index 
of refraction, and wherein the dielectric film stack is formed such that the 
dielectric material of the dielectric layers alternates between the first 
dielectric material and the second dielectric material. 
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5. The article of claims 1 or 2, wherein the dielectric film stack is formed as 
a dielectric mirror such tha: the light incident upon the sensor reflects 
from the sensor when the dielectric film stack is not operating as a 
10 waveguide. 



75 



6. The article of claim 5, wherein the dielectric film stack is formed such that 
when the dielectric film stack operates as a waveguide the reflected light 
exhibits an attenuation of substantially at least 50%. 



7. The article of claims 1 or 2. wherein the dielectric film stack is formed as 
20 an ami-reflection film stack such that the incident light passes through the 

sensor when the dielectric film stack is not operating as a waveguide, and 
the transmitted light exhibits an attenuation of substantially at least 50% 
^ when the dieiecrric film stack is operating as a waveguide. 

8. The article of claim 4, wherein the first index of refraction is substantially 
no greater than l.S, and further wherein the second index of refraction is 

30 substantially no less than 2.2. 



9. The article of claim 4, wherein the first dielectric material is silicon 
dioxide and the second dielectric material is titanium dioxide. 

10. The article of claim 2, wherein the light source includes a diffuser for 
diffusing light beam incident upon the sensor, wherein the sensing system 
further includes a polarizer for polarizing light received by the detector, 
and wherein the light source is a monochromatic light source. 



45 11. A method for assaying a sample comprising: 

interacting a sensor with a sample having a targeted substance, 
wherein the sensor comprises a dielectric film stack having a plurality of 

50 
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dielectric layers, and further wherein for at least one angle of incidence 
the dielectric film stack operates as a waveguide for light incident; 

determining a measure of the targeted substance in the sample as a 
10 function of a detected optical anomaly exhibited by light received from the 

sensor. 

12. The method of claim 1 1 , wherein determining the measure includes 

15 

detecting an optical anomaly in light reflected by or transmitted through 
the sensor. 

20 13. The method of claim 1 1, wherein determining the measure includes 

illuminating the sensor with diffused light and detecting an optical 
anomaly in light transmitted through the sensor by focusing the 
transmitted light onto a detector array according to a transmission angle 

25 

of the transmitted light. 
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AMENDED CLAIMS 

[received by the International Bureau on 24 February 2CC0 (24.02.00); 
original claims 1, 2 and 11 amended; crigine 1 claim 3 cancelled; 
remaining claims uncnanged (3 paces)] 

1. A sensor for optically assaying a substance in a sample, comprising: 
a substrate having a grooved surface; and 

a dielectric film stack formed outwardly from the substrate, wherein the 
dielectric film stack includes a plurality of dielectric layers, and 
further wherein for at least one angle of incidence the dielectric 
layers operate as a waveguide for light incident upon the sensor. 

2. A sensing system, comprising: 
a light source generating light; 

a sensor comprising a stack of dielectric layers formed on a substrate 
having a grooved surface, wherein the sensor receives the light 
and for at least one angle of incidence the dielectric film stack 
operates as a waveguide such that a portion of the light 
propagates within the dielectric layers; 

a detector receiving light from the sensor and producing an output signal 
as a function of an intensity of the light; and 

a controller coupled to the detector for calculating a measure of the 
substance in the sample as a function of the output signal. 

3. [CANCELLED. | 

4. The article of claims 1 or 2, wherein at least two of the dielectric layers 
comprise a dielectric material selected from a first dielectric material and a 
second dielectric material, wherein the first dielectric material has a first 
index of refraction and the second dielectric material has a second index 
of refraction, and wherein the dielectric film stack is formed such that the 
dielectric material of the dielectric layers alternates between the first 
dielectric material and the second dielectric material. 
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5. The article of claims 1 or 2, wherein the dielectric film stack is formed as 
a dielectric mirror such that the light incident upon the sensor reflects 
from the sensor when the dielectric film stack is not operating as a 
waveguide 

6. The article of claim 5, wherein the dielectric film stack is formed such that 
when the dielectric film stack operates as a waveguide the reflected light 
exhibits an attenuation of substantially at (east 50%. 

7. The article of claims I or 2, wherein the dielectric film stack is formed as 
an anti-reflection film stack such that the incident light passes through the 
sensor when the dielectric film suck is not operating as a waveguide, and 
the transmitted light exhibits an attenuation of substantially at least 50% 
when the dielectric film stack is operating as a waveguide. 

8. The article of claim 4, wherein the first index of refraction is substantially 
no greater than 1.8, and further wherein the second index of refraction is 
substantially no less than 2.2, 

9. The article of claim 4, wherein die first dielectric material is silicon 
dioxide and the second dielectric material is titanium dioxide. 

1 0. The article of claim 2, wherein the light source includes a diffuser for 
diffusing light beam incident upon the sensor, wherein the sensing system 
further includes a polarizer for polarizing light received by the detector, 
and wherein the light source is a monochromatic light source. 

It. A method of assaying a sample, comprising: 

interacting a sensor with a sample having a targeted substance, wherein 
the sensor comprises a dielectric film stack having a plurality of 
dielectric layers formed on a substrate having a grooved surface, 

17 
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and further wherein for at least one angle of incidence the 
dielectric film stack operates as a waveguide for incident light; and 
determining a measure of the targeted substance in the sample as a 
1 0 function of a detected optical anomaly exhibited by light received 

from the sensor. 

12 The method of claim 1 1 . wherein determining the measure includes 

15 

detecting an optical anomaly in light reflected by or transmitted through 
the sensor. 

20 13. The method of claim 1 1 . wherein determining the measure includes 

illuminating the sensor with diffused light and detecting an optical 
anomaly in light transmitted through the sensor by focusing the 
transmitted light onto a detector array according to a transmission angle 
of the transmitted light. 
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Statement under Article 19(11 
Independent claims 1. 2, and 11 have been amended to include the 
recitation of dependent clsim 3, which has been cancelled. 
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